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SOLUTION: This hybrid vehicle uses as a power source a motor 20 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st driving source which is a mobile and has the 1st relation between the operational status of 
this mobile, and effectiveness, The 2nd driving source which has the 2nd relation between the operational status 
of this mobile, and effectiveness, A mobile equipped with an operational status detection means to detect the 
operational status of this mobile, and the control means which drives using one of driving sources based on the 
effectiveness comparison of said 1st driving source and 2nd driving source according to the detected operational 
status. 

[Claim 2] It is a mobile according to claim 1. Said control means 1st effectiveness specification means to search 
for the 1 st effectiveness in the case of driving using said 1 st driving source based on said operational status, A 
mobile equipped with 2nd effectiveness specification means to search for the effectiveness in the case of driving 
using said 2nd driving source based on said operational status, and the drive control means which drives using 
the output of a side with effectiveness high among said 1 st and 2nd driving sources. 

[Claim 3] It is the mobile which it is a mobile according to claim 2, is equipped with the 1st storage means 
which memorizes said 1st relation, and the 2nd storage means which memorizes said 2nd relation, and said 1st 
effectiveness specification means and said 2nd effectiveness specification means ask for said effectiveness with 
reference to said 1st storage means and the 2nd storage means, respectively. 

[Claim 4] It is the mobile to which it is a mobile according to claim 1 , either [ at least ] said 1st relation or the 
2nd relation is the relation changed according to the operational status of each driving source, and said control 
means performs said effectiveness comparison also in consideration of the operational status of said driving 
source. 

[Claim 5] It is the mobile with which it is a mobile according to claim 4, and said operational status is expressed 
considering at least one of passing speed, demand torque, the residual fuel of a driving source, and the operating 
temperatures of said driving source as a parameter. 

[Claim 6] It is the mobile which is the motor with which it is a mobile according to claim 1, said 1st driving 

source is a heat engine, and said 2nd driving source uses a fuel cell as a power source. 

[Claim 7] It is the mobile with which it is a mobile according to claim 1, and said effectiveness is expressed 

using at least one of energy efficiency, economic effectiveness, and the excretions control effectiveness. 

[Claim 8] It is the mobile which it is a mobile according to claim 1 , and said control means compares said two 

or more kinds of effectiveness about said 1st and 2nd driving sources, and performs said drive. 

[Claim 9] It is a mobile according to claim 8, and said control means is said mobile which takes the 

effectiveness of a class into consideration according to predetermined priority two or more. 

[Claim 10] The mobile which it is a mobile according to claim 9, and an operator equips with a setting means 

by which said propriety of the consideration two or more at the time of said control about a part of effectiveness 

[ at least ] of a class or said priority can be set up. 

[Claim 1 1] It is the mobile which is a mobile according to claim 1 and is a means to have the 1 st use propriety 
judging means which judges the use propriety of said 1st driving source, and the 2nd use propriety judging 
means which judges the use propriety of said 2nd driving source, and to perform said control only when judged 
with said control means being in a condition with the usable both sides of these 1st and 2nd driving sources. 
[Claim 12] It is a mobile according to claim 11. Said 1st driving source The capacitor which it is a heat engine, 
and said 2nd driving source is a motor which uses a fuel cell as a power source, and serves as an alternate power 
source of said fuel cell further, Based on said operational status, it has a capacitor effectiveness specification 
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means to search for the operation effectiveness in the case of driving using the output of this capacitor. Said 
control means The mobile which is a means to drive using the output of a side with operation effectiveness high 
among said heat engines and capacitors when said fuel cell is in a use improper condition. 
[Claim 13] The 1st driving source which has the 1st relation between the operational status of this mobile, and 
effectiveness in a mobile, It is the control approach of realizing proper use with the 2nd driving source which 
has the 2nd relation between the operational status of this mobile, and effectiveness (a). The process which 
detects the operational status of this mobile, (b) The process which searches for the operation effectiveness in 
the case of driving using the output of said 1st driving source based on the detected operational status, (c) 
Process which searches for the operation effectiveness in the case of driving using the output of said 2nd 
driving source based on the detected operational status (d) The control approach equipped with the process 
which chooses a side with operation effectiveness high among said 1st and 2nd driving sources as a driving 
source. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the mobile which uses two driving sources properly and 

moves. 

[0002] 

[Description of the Prior Art] In recent years, the car it runs with the motor which uses a fuel cell as a power 
source is proposed. A fuel cell means the equipment generated according to the electrochemical reaction of 
hydrogen and oxygen. A steam is mainly discharged from a fuel cell, and since a harmful component is not 
contained, there is an advantage of excelling in environment nature very much. 

[0003] The car which uses together the heat engine other than a fuel cell as a driving source is also proposed. 
This car has the advantage which can realize efficient operation combining both advantage by having two kinds 
of driving sources from which a property differs. 
[0004] 

[Problem(s) to be Solved by the Invention] About the car equipped with a fuel cell and a heat engine, 
conventionally, the fuel cell was used only for charge of a dc-battery, and was used as a source of assistance of 
the heat engine at the time of a heavy load. Although the operation effectiveness of a fuel cell and a heat engine 
changed with operational status, proper use of both in consideration of such a change was not realized. 
Therefore, the room of an improvement was left behind from a viewpoint of the improvement in operation 
effectiveness. Moreover, implementation of many-sided improvements in efficiency, such as discharge of not 
only the viewpoint of energy efficiency but emission, was desired at this time. 

[0005] This invention aims at raising operation effectiveness by both proper use to a mobile equipped with two 

or more driving sources like a fuel cell and a heat engine. 

[0006] 

[The means for solving a technical problem, and its operation and effectiveness] In order to solve a part of 
above-mentioned technical problem [ at least ], the next configuration was adopted in this invention. The 1st 
driving source in which the mobile of this invention has the 1st relation between the operational status of this 
mobile, and effectiveness, The 2nd driving source which has the 2nd relation between the operational status of 
this mobile, and effectiveness, Let it be a summary to have an operational status detection means to detect the 
operational status of this mobile, and the control means which drives using one of driving sources based on the 
effectiveness comparison of said 1st driving source and 2nd driving source according to the detected operational 
status. A car, the aircraft, and a vessel are contained in a mobile here. 

[0007] An operational status detection means is a means to detect the various parameters showing the 
operational status of a mobile. Passing speed, demand torque, the residual fuel of a driving source, temperature, 
etc. are included in a parameter. 

[0008] In the mobile of this invention, since a driving source is chosen based on the effectiveness comparison of 
a driving source, the effectiveness of a mobile can be improved. 

[0009] A control means is good also as what prepares the map which specified the driving source after 
comparing beforehand the operation effectiveness of the 1st and 2nd driving sources for every operational 
status, and performs the above-mentioned proper use with reference to this. Moreover, it is good also as what 
uses both properly serially in quest of both operation effectiveness. 

[0010] The latter mode For example, 1st effectiveness specification means to search for the 1st effectiveness in 
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case said control means drives using said 1st driving source based on said operational status, It realizes by 
having 2nd effectiveness specification means to search for the effectiveness in the case of driving using said 
2nd driving source, and the drive control means which drives using the output of a side with effectiveness high 
among said 1st and 2nd driving sources based on said operational status. 

[001 1] When establishing this effectiveness specification means, it has the 1st storage means which memorizes 
said 1st relation, and the 2nd storage means which memorizes said 2nd relation, and, as for said 1st 
effectiveness specification means and said 2nd effectiveness specification means, it is desirable to search for 
said effectiveness with reference to said 1st storage means and the 2nd storage means, respectively. What is 
necessary is just to make the predetermined parameter which expresses operational status with a storage means, 
and relation with effectiveness memorize beforehand in the form of a function, a table, etc. 
[0012] In the mobile of this invention, when either [ at least ] said 1st relation or the 2nd relation is the relation 
changed according to the operational status of each driving source, as for said control means, it is desirable to 
perform said effectiveness comparison also in consideration of the operational status of said driving source. The 
effectiveness of a driving source may be changed according to the operational status of temperature and others. 
In this case, it becomes possible by taking the operational status into consideration to perform an effectiveness 
comparison with a more sufficient precision. For example, in the 1 st or 2nd storage means, it is easily realizable 
by memorizing relation pluralistically including the parameter about operational status. After computing 
effectiveness as an option supposing standard operational status, it is good also as what performs amendment 
according to operational status. 

[0013] In the mobile of this invention, said 1st driving source shall be a heat engine, and said 2nd driving 
source shall be a motor which uses a fuel cell as a power source. 

[0014] Changing a heat engine's effectiveness according to a rotational frequency, torque, and temperature is 
known. When making a heat engine into a driving source, for said 1st storage means, it is desirable to memorize 
the relation of such parameters and effectiveness beforehand in the form of a function, a table, etc. Moreover, 
the effectiveness specification means about a heat engine can be built in modes, such as for example, this heat 
engine's means to search for effectiveness in consideration of prime-mover effectiveness at least, a means to 
search for effectiveness in consideration of fuel efficiency at least, and a means to search for effectiveness in 
consideration of prime-mover effectiveness and fuel efficiency at least. 

[0015] The effectiveness of a motor besides the effectiveness of the fuel cell itself is also included in the 
effectiveness of a fuel cell. The effectiveness specification means about a fuel cell memorizes beforehand the 
relation of the parameters, such as an output, a rotational frequency of a motor, and torque, and effectiveness 
which were required of the fuel cell, and specifies operation effectiveness by referring to this. The effectiveness 
specification means about a fuel cell Moreover, for example, a means to specify effectiveness in consideration 
of the system temperature of this fuel cell at least, A means to specify effectiveness in consideration of the 
amount of generations of electrical energy at least, a means to specify effectiveness in consideration of the 
elapsed time from starting at least, It can build in various modes, such as a means to specify effectiveness in 
consideration of the predetermined parameter value which participates in whenever [ fuel cell's degradation ] at 
least, and a means to take into consideration combining these and to specify effectiveness. Here, the 
temperature of a reforming machine besides the temperature of the fuel cell itself etc. can also be included in 
system temperature. 

[0016] In the mobile of this invention, said effectiveness shall be expressed using at least one of energy 
efficiency, economic effectiveness, and the excretions control effectiveness, for example. Improvement in each 
effectiveness can be aimed at with the effectiveness which pays its attention at the time of proper use of a 
driving source. 

[0017] Energy efficiency tells per unit fuel the ratio of the ideal energy in which an output is possible, and the 
energy actually outputted. A burn-out fuel decreases, so that energy efficiency is high. Energy efficiency can 
also be expressed with the inverse number of the fuel consumed by the output of unit driving force. Therefore, 
control of fuel consumption can be aimed at by taking energy efficiency into consideration at the time of proper 
use of a driving source. 

[0018] With economic effectiveness, it is equivalent to the inverse number of the output countervalue of unit 
driving force. The fuel quantity and the unit fuel price which are consumed at the time of the output of driving 
force are determined. For example, economic effectiveness may become low, if a unit fuel price is high even if 
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it is a driving source with little fuel consumption with high energy efficiency. Therefore, mitigation of a user's 
economic burden can be aimed at by taking economic effectiveness into consideration. 
[0019] In addition, it is necessary to input a unit fuel price at the time of specification of economic 
effectiveness. Therefore, it is desirable to equip a mobile with the interface for inputting a unit fuel price. For 
example, a touch panel for an operator to input etc. can be used. Moreover, a means to acquire a unit fuel price 
may be established by the radio from the outside. 

[0020] With excretions control effectiveness, it is equivalent to the inverse number of the so-called amount of 
the excretions discharged at the time of the output of unit driving force, and emission. It means that excretions 
control effectiveness is so high that there is little emission. Therefore, operation excellent in environment nature 
is realizable by taking excretions control effectiveness into consideration at the time of proper use of a driving 
source. Here, although the amount of emission was illustrated, it is good also considering the noise emitted 
from a mobile as a parameter. 

[0021] In the mobile of this invention, about said 1st and 2nd driving sources, said control means shall compare 
said two or more kinds of effectiveness, and shall perform said drive. 

[0022] By carrying out like this, the driving source which took two or more effectiveness into consideration 
synthetically can be used properly. As an example, three kinds, the energy efficiency illustrated previously, 
economic effectiveness, and excretions control effectiveness, can be taken into consideration. By setting weight 
as such effectiveness beforehand, proper use of the driving source which makes three kinds of effectiveness 
max synthetically is realizable. 

[0023] When taking into consideration two or more kinds of effectiveness, two or more said control means are 
good also as said thing which takes the effectiveness of a class into consideration according to predetermined 
priority. Priority may be made to change according to the operational status of a mobile etc. 
[0024] Moreover, an operator is good also as a thing equipped with a setting means by which said propriety of 
the consideration two or more at the time of said control about a part of effectiveness [ at least ] of a class or 
said priority can be set up. 

[0025] Thus, it becomes possible by taking priority into consideration or permitting an operator a setting degree 
of freedom to use the driving source adapted to the actual condition, such as an environment at the time of 
operation, and an intention of an operator, properly. 

[0026] In the mobile of this invention, it has the 1st use propriety judging means which judges the use propriety 
of said 1 st driving source, and the 2nd use propriety judging means which judges the use propriety of said 2nd 
driving source, and only when judging that the both sides of these 1st and 2nd driving sources are in an usable 
condition, as for said control means, it is desirable that it shall be a means to perform said control. Derating of 
operation effectiveness calculation can be planned by carrying out like this. 

[0027] Use propriety can be judged based on the existence of failure of a heat engine and a fuel cell, standby, 
residual fuel, etc. When a heat engine and a fuel cell cannot necessarily operate at all, it is not necessary to limit 
the condition of being equivalent to "use no." The condition of the arbitration set up as what should restrict the 
use as a driving source corresponds. For example, when the residual fuel of a fuel cell stopped fulfilling 
constant value, you may judge it as use no. Although a fuel cell is judged to be "use no" by the control top of 
this invention at this time, possibility of being used will be remained in other control. For example, use 
propriety may be judged based on the condition of the motor driven not only with a fuel cell but with the power 
source from a fuel cell. From these viewpoints, the 2nd use propriety judging means can be built in various 
modes, such as a means to judge use propriety for example, in consideration of the output rating of a motor 
which drives a fuel cell as a power source at least, a means to judge use propriety in consideration of 
generation-of-electrical-energy rating of a fuel cell at least, and a means to judge use propriety combining these. 

[0028] In the mobile of this invention said 1st driving source The capacitor which it is a heat engine, and said 
2nd driving source is a motor which uses a fuel cell as a power source, and serves as an alternate power source 
of said fuel cell further, Based on said operational status, it has a capacitor effectiveness specification means to 
search for the operation effectiveness in the case of driving using the output of this capacitor. Said control 
means When said fuel cell is in a use improper condition, it shall be a means to drive using the output of a side 
with operation effectiveness high among said heat engines and capacitors. A rechargeable battery, a capacitor, 
etc. are contained in a capacitor. 
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[0029] It is a mode which realizes proper use of the driving source of a motor and a heat engine, a fuel cell 
being used for this about two kinds of power sources, i.e., a fuel cell, and a capacitor more preferentially than a 
capacitor. Usually a capacitor is accompanied by loss of extent which exists not only at the loss at the time of 
discharge of power but at the time of charge. Therefore, effectiveness can be improved by carrying out priority 
use of the fuel cell rather than a capacitor. In the condition which cannot be used, a fuel cell can realize efficient 
operation by the effectiveness comparison with a capacitor and a heat engine according to a situation. A 
capacitor effectiveness specification means can constitute the relation between operational status and 
effectiveness from a mode of memorizing beforehand. Power consumption can be converted into the 
effectiveness at the time of charging with a heat engine, and the operation effectiveness at the time of using a 
capacitor can ask for it. 

[0030] In this invention, the source of an energy output, i.e., a heat engine, a fuel cell, and a control means to 
control the frequent change of the busy condition of a capacitor are also applicable to a control means. For 
example, after the change of the source of an energy output is performed, a control means is a means to control 
a change, while predetermined conditions are not satisfied. As conditions in this case, the progress period after a 
change, the mileage after a change, the actuation condition of the control unit after a change, etc. are applicable. 
As an actuation condition of a control unit, it is applicable that the shift position of a change gear becomes 
neutral, for example. 

[0031] In this invention, the control which is not concerned with the comparison of effectiveness but uses one 

of the sources of an energy output, for example in a predetermined run state may be applied. 

[0032] This invention can consist of various modes, such as the control approach of this mobile besides the 

mobile mentioned above, and the control approach of using a driving source properly. 

[0033] 

[Embodiment of the Invention] About the gestalt of operation of this invention, the example applied to the 
hybrid car is divided into the following items, and is explained. 

A. configuration [ of equipment ]: — B. general actuation: ~ C. operation-control: [0034] A. The configuration 
of equipment : drawing 1 is the outline block diagram of the hybrid car as an example. The sources of power of 
the hybrid car of this example are an engine 10 and a motor 20. The power network of the hybrid car of this 
example combines an engine 10, the input clutch 18, a motor 20, a torque converter 30, and a change gear 100 
with a serial, and consists of the upstream as illustrated. The output shaft 15 of a change gear 100 is combined 
with the axle 17 through the differential gear 16. The input clutch 18 is a device which is intermittent in transfer 
of the crankshaft 12 of an engine 10, and the power between motors 20. 

[0035] An engine 10 can apply various heat engines. In this example, it considered as the usual gasoline engine. 
A motor 20 can apply both a DC motor and an AC motor. The synchronous motor of a three phase was used in 
this example. A motor 20 rotates by the three-phase alternating current generated in the drive circuit 52 
constituted as a transistor inverter. As a power source of a motor 20, it has the dc-battery 50 and the fuel cell 54. 
A main power supply is a fuel cell 54, and a dc-battery 50 is used as a power source which compensates this 
under a situation with an inadequate generation of electrical energy of a fuel cell 54. The power of a dc-battery 
50 is mainly supplied to a control unit 70 and power devices, such as a lighting system. Although a fuel cell 54 
is equipment generated by the electrochemical reaction of hydrogen and oxygen and can apply various types, a 
solid-state macromolecule mold shall be used for it by this example. Although the hydrogen supplied to a fuel 
cell 54 is good also as what is stored directly, it may reform and generate a predetermined raw material. In this 
example, the methanol stored in the fuel tank FC for fuel cell 54 shall be reformed, and hydrogen shall be 
generated. As a raw material for reforming, it is possible to use hydrocarbon system compounds, such as natural 
gas and a gasoline, the alcohol of a methanol and others, an aldehyde, etc. 

[0036] A torque converter 30 is the so-called hydraulic coupling. The owner stage change gear of five steps of 
advance and one step of go-astem was used for the change gear 100. The change of the gear ratio of a change 
gear 100 is realized when the oil pressure control section 104 changes the hydraulic system from a pump 102 to 
a change gear 100. In addition, when an operator operates a shift lever, the change range of a gear ratio can be 
adjusted. The shift lever is selectable in each position of parking (P), reverse (R), a neutral (N), a drive position 
(D) and four positions - L position. A gear ratio is performed in the range beforehand set up according to each 
shift position. 

[0037] The accessory gear 82 other than the power transfer network to an axle 17 is combined with the engine 
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10. The compressor of an air-conditioner, the pump for power steering, the pump for cooling of a fuel cell 54, 
etc. are contained in auxiliary machinery. Here, the auxiliary machinery driven using the power of an engine 10 
was collectively shown as accessory gear 82. It is combined with the pulley specifically formed in the 
crankshaft of an engine 10 through the auxiliary machinery clutch 19 through the belt, and the accessory gear 
82 is driven according to the rotational motion force of a crankshaft. 

[0038] The motor 80 for an auxiliary machinery drive is also combined with the accessory gear 82. The motor 
80 for an auxiliary machinery drive can apply both a DC motor and an AC motor. In this example, it considered 
as the three phase synchronous motor. The motor 80 for an auxiliary machinery drive is the drive circuit 56 
constituted as a transistor inverter, and rotates a dc-battery 50 and a fuel cell 54 by the three-phase alternating 
current generated as a power source. When the engine 10 has suspended operation, the accessory gear 82 can be 
driven by the motor 80 for an auxiliary machinery drive. At this time, a clutch 1 9 is released for unloading. The 
motor 80 for an auxiliary machinery drive functions also as a generator generated with the power of an engine 
10. In this way, the generated power can charge a dc-battery 50. 

[0039] Between the drive circuits 52 and 56 and each power source, the connection condition is prepared in the 
circuit changing switches 51 and 55 switchable to three places. By actuation of a circuit changing switch 55, a 
fuel cell 54 can realize three kinds of connection conditions, the condition (the circuit a in drawing) connected 
to the drive circuit 56, the condition (the circuit b in drawing) connected to the drive circuit 52, and the 
condition (the circuit c in drawing) of having connected with the dc-battery 50. Similarly, a dc-battery 50 can 
change a selection place to three kinds, the drive circuit 56, the drive circuit 52, and a fuel cell 54, by actuation 
of a circuit changing switch 5 1 . 

[0040] The actuation of each unit mentioned above is controlled by the control unit 70. The control unit is 
constituted as a microcomputer which equipped the interior with CPU, memory, etc. The various signals which 
are needed on activation of control are inputted into a control unit 70. As a signal inputted, the residue sensor 75 
which detects the signal from the actuation condition sensor 73 which detects each actuation condition of the 
control units 74, such as an accelerator pedal, a brake pedal, a shift lever, and a parking brake, and the gasoline 
residue of the fuel tank EG for engine 1 0, the residue sensor 76 which detects FC remaining fuel of the fuel tank 
FC for fuel cell 54, a speed sensor 78, etc. are mentioned, for example. In addition, although the signal from 
various sensors was inputted into the control unit 70, illustration was omitted here. 

[0041] Various functional block for realizing control is prepared for the control unit 70. In drawing 1 , the 
effectiveness operation part 71 and the drive control section 72 were shown as functional block characteristic of 
this example. The effectiveness operation part 71 computes the energy efficiency of the source of power in the 
operational status based on demand torque, the vehicle speed, etc. which become settled based on the condition 
of a control unit 74. The effectiveness operation part 71 computes the energy efficiency in the case of driving a 
motor 20 by using the energy efficiency in the case of driving a motor 20 by using the energy efficiency of an 
engine 10, and a fuel cell 54 as a power source, and a dc-battery 50 as a power source, respectively. The drive 
control section 72 compares the computed energy efficiency, and uses the source of power properly. The control 
processing realized by these functional block is explained in full detail behind. In this example, of course, these 
functional block may be built in hardware, although constituted by software. 

[0042] B. — general — the hybrid car of : this example of operation uses properly and runs two sources 10 of 
power, i.e., an engine, and a motor 20 according to the vehicle speed and torque. Both proper use is beforehand 
set up as a map, and is memorized by ROM in a control unit 70. 

[0043] Drawing 2 is the explanatory view showing the relation between the run state of a car, and the source of 
power. The field MG in drawing is a field which uses properly and runs a motor 20 and an engine 10. It is a 
field which runs an engine 10 as a source of power, outside field, i.e., EG field, of Field MG. Although the car 
of this example can also be run the both sides of an engine 1 0 and a motor 20 as a source of power, this 
operation mode shall not be used in principle. 

[0044] If a motor 20 is chosen as a source of power in MG field, a hybrid car will turn OFF the input clutch 1 8, 
and will depart with the power of a motor 20. If the vehicle speed and accelerator opening reach the run state 
near the boundary of Field MG and Field EG, a control unit 70 will put an engine 10 into operation while 
turning ON the input clutch 1 8. After that, it runs only an engine 10 as a source of power. During engine transit, 
a motor 20 will be in the condition of having only idled. A judgment about proper use of the source of power in 
MG field is made frequently. Therefore, an engine 10 or its thing [ that the source of power changes 
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conversely ] also exists from a motor 20 in MG field. In addition, it is good also as what surely makes a motor 
20 the source of power in a specific field, for example like the field A in the map shown in drawing 2 . The 
control which does not prepare this field is also possible. 

[0045] A control unit 70 also performs change control of a gear ratio with proper use of the source of power. 
The change of a gear ratio is made based on the map beforehand set as the run state of a car. The map in D 
position was shown in drawing 2 . The change of a gear ratio is performed so that a change gear ratio may 
become small, as the vehicle speed of a control unit 70 increases so that it may illustrate. 
[0046] C. Operation control : proper use of the source of power in MG field is realized by the control 
processing shown below. Drawing 3 R> 3 is the flow chart of a drive control manipulation routine. When the 
vehicle speed and demand torque are in MG field (refer to drawing 2 ), CPU in a control unit 70 is the 
processing repeatedly performed with other control processings. 

[0047] CPU changes the contents of control to the following four kinds according to FC remaining fuel and a 
gasoline residue. When there is FC remaining fuel of enough (step S10) and the residue of a gasoline is 
insufficient of remaining fuel (step SI 2), it drives and runs a motor 20 by using a fuel cell 54 as a power source 
(step SI 8). Or or a judgment whether lack is carried out with FC remaining fuel and gasoline residues of 
enough is made according to the size relation of the predetermined value and residue which were prepared 
corresponding to each fuel. 

[0048] When both FC remaining fuel and a gasoline residue are judged to be enough, based on (steps S10 and 
SI 2) and operation effectiveness, proper use with a fuel cell 54 and an engine 10 is performed. CPU calculates 
operation effectiveness etaf at the time of driving a motor 20 with a fuel cell 54, and operation effectiveness 
etae at the time of driving with an engine 10, respectively (step SI 4), and chooses a side with high operation 
effectiveness as a source of power. That is, in "etae>etaf ? , it runs an engine 10 as a source of power (steps S16 
and S20), and, in the case of others, it runs the motor 20 which uses a fuel cell 54 as a power source as a source 
of power (steps SI 6 and SI 8). 

[0049] Here, the calculation approach of operation effectiveness etae and etaf is explained. Generally operation 
effectiveness is changed with various parameters, such as the vehicle speed, demand torque, and temperature of 
each unit. Moreover, it is necessary to also take into consideration the loss at the time of transmitting the 
outputted power to an axle 17. In this example, it shall ask for the effect (it is hereafter called "element 
effectiveness") on operation effectiveness beforehand for every element of some which participate in the output 
of power, and overall efficiency shall be computed by these multiplication. 

[0050] Concretely, operation effectiveness etae at the time of making an engine 10 into the source of power is 
given by the degree type. 

etae=etaengxetamxetag; the contents of each element effectiveness etaeng, etam, and etag are as follows, 
respectively, etaeng (real number of 0<etaeng<1.0) shows the energy efficiency as a heat engine of an engine 
1 0, and expresses the ratio with the power in which an output is possible in the most efficient condition 
according to each operational status from the fuel of unit volume as the power in which the output of an engine 
10 is possible. That is, a difference of operational status is a value showing the effect which it has on operation 
effectiveness. 

[0051] etam (real number of 0<etam<1.0) is the ratio of the power transmitted to the power transmission 
efficiency 17 in the power transfer network which consists of a torque converter 30, a change gear 100, a 
differential gear 16, etc., i.e., an axle, and the power outputted from the engine 10. 

[0052] etag (real number of 0<etag<1.0) expresses gasoline effectiveness, and is the ratio of the energy which 
can pick out an engine 10 from the gasoline of the unit volume neighborhood actually, and the energy which 
can be taken out in the ideal condition. 

[0053] Operation effectiveness etaf at the time of driving a motor 20 with a fuel cell 54 is given by the degree 
type. 

etaf=etamotxetamxetaLxetaa; the contents of each element effectiveness etamot, etam, etaL, and etaa are as 
follows, respectively, etamot (real number of 0<etamot<1.0) is the operation effectiveness by the motor. That is, 
it is the ratio of the power and power consumption which are outputted from a motor 20. They are the 
temperature of a motor 20, a rotational frequency, and the value changed according to torque, 
[0054] etam (real number of 0<etam<l .0) is the already explained power transmission efficiency. Although it 
can consider that the power transmission efficiency of an engine 10 and a motor 20 is almost equivalent in this 
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example, a different value from the time of calculation of operation effectiveness etae depending on a 
configuration can be used. 

[0055] etaL (real number of 0<etaL<l .0) is FC fuel efficiency. A fuel cell 54 is a ratio with the power in which 
an output is possible in the power actually outputted from FC fuel per unit volume, and ideal operational status. 
[0056] etaa (real number of 0<etaa<l .0) is the generating efficiency of a fuel cell 54. It is the ratio of the power 
which a fuel cell 54 can actually output in each operational status, and the power which can be outputted by 
ideal operational status. It becomes the value which changes according to whenever [ temperature / of a fuel cell 
54 /, amount of generations of electrical energy, elapsed time / from starting /, and fuel cell's degradation ] etc. 
Generally, generating efficiency falls, so that temperature is low. To rating of a fuel cell 54, even if too small 
and too large, generating efficiency falls. In the condition that warming up immediately after starting initiation 
is not fully completed, generating efficiency is low. In the fuel cell used for a long period of time, the engine 
performance falls and generating efficiency becomes low. Generating efficiency etaa is set up based on the 
function or map beforehand prepared according to these parameters. 

[0057] Each element effectiveness in which it is used for calculation of operation effectiveness etae and etaf is 
beforehand prepared as a map or a function according to the parameter showing operational status, such as an 
engine speed, torque, engine water temperature, and fuel cell temperature, and is memorized by the memory in 
a control unit 70. CPU can compute each element effectiveness with reference to this map etc., and can ask for 
operation effectiveness etae and etaf by the upper type. In addition, it does not pass over count of operation 
effectiveness etae using an upper type to an example, but it is good also as a thing in consideration of further 
much element effectiveness, and may take the approach of preparing the map or function which gives direct 
operation effectiveness etae and etaf from the parameter showing operational status. 

[0058] Drawing 4 is an explanatory view which illustrates the map which gives operation effectiveness. The 
simplified map was shown for the facilities of explanation. Curves CE1-CE3 are maps which give operation 
effectiveness etae of an engine 10. Operation effectiveness etae changes according to power. Operation 
effectiveness will be changed, if a rotational frequency and torque change in fact even if it is the same power. 
Moreover, the water temperature of an engine 10, the actuation existence of a supercharger, and an air-fuel ratio 
are changed also according to operational status, such as a difference between the Lean condition or a SUTOIKI 
condition. According to such operational status, two or more preparation of the map which gives operation 
effectiveness as shown in the curves CE1-CE3 in drawing is carried out. In the following explanation, the 
operational status of an engine 10 shall support the curve CE 2. 

[0059] Curves C1-C3 are maps which give operation effectiveness etaf of a fuel cell 54. The curve of a three- 
stage was illustrated according to the temperature of a fuel cell 54. A curve will be drawn according to actual 
further many parameters. Effectiveness is changed according to the load demanded, respectively, i.e., power. In 
addition, the operation effectiveness of a fuel cell 54 is drawn in the load range below predetermined because it 
has restricted a operating range to this range, and it can also search for effectiveness by the large area 
comparable as an engine 1 0. This map is set up experimentally or analytically beforehand. 
[0060] According to this map, when the temperature of a fuel cell 54 is equivalent to a curve CI , the operation 
effectiveness of a fuel cell 54 exceeds in the field where a load is lower than a value a, and the operation 
effectiveness of an engine 10 exceeds in a larger field than a value a. About the case where a value b and 
temperature are equivalent to a curve C3 about the case where temperature is equivalent to a curve C2, the 
operation effectiveness of a fuel cell 54 and an engine 10 is reversed bordering on the load of a value c. It is 
each operational status and proper use with a fuel cell 54 and an engine 10 can be realized by referring to a map 
in this way based on operation effectiveness. 

[0061] Return and drive control processing are succeedingly explained to drawing 3 . In steps S10 and SI 2, FC 
remaining fuel runs short, and when a gasoline residue is judged to be enough, use of a fuel cell 54 is avoided. 
CPU performs proper use with a dc-battery 50 and an engine 10 based on operation effectiveness. CPU 
calculates operation effectiveness etab at the time of driving a motor 20 with a dc-battery 50, and operation 
effectiveness etae at the time of driving with an engine 10, respectively (step S26), and chooses a side with high 
operation effectiveness as a source of power. That is, in "etae>etab", it runs an engine 10 as a source of power 
(steps S28 and S20), and, in the case of others, it runs the motor 20 which uses a dc-battery 50 as a power 
source as a source of power (steps S28 and S30). 

[0062] The calculation approach of the operation effectiveness of an engine 10 is the same as step SI 4. 
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Operation effectiveness etab of a dc-battery 50 is given by the degree type. 

etab=etaechxetagenxetaoutxetamotxetam; the contents of each element effectiveness are as follows, 
respectively. 

[0063] etaech (real number of 0<etaech<1.0) is the operation effectiveness of the engine 10 at the time of 
charging a dc-battery 50. It computed charging efficiency, having assumed the dc-battery 50 to be what is 
charged by the generation of electrical energy which mainly used the motor 80 for an auxiliary machinery drive. 
This value is not the operation effectiveness of the engine 10 in the operational status to which the operation of 
step S26 is carried out but the operation effectiveness in the condition at the time of charge of a dc-battery 50 
that high rate is comparatively high. 

[0064] etagen (real number of 0<etagen<1.0) is the generating efficiency by the motor 80 for an auxiliary 
machinery drive. It is equivalent to the ratio of the power generated and the power outputted from an engine 10 
to charge. 

[0065] etaout (real number of 0<etaout<l .0) is the discharge effectiveness of a dc-battery 50. With the power 
actually outputted from a dc-battery 50 in each operational status, it is theoretically equivalent to a ratio with the 
power in which an output is possible, etamot and etam are as having explained previously. 
[0066] In steps S10 and SI 2, when it is judged that both FC remaining fuel and gasoline residues are 
insufficient, since a fuel cell 54 and an engine 10 cannot be used, they suspend operation of the source of power 
(step S24). When the power of a dc-battery 50 fully remains, it is good as operation mode in an emergency in 
the range which does not consume power too much also as what drives the motor 20 which uses a dc-battery 50 
as a power source. 

[0067] In addition, although not clearly shown in the flow chart of drawing 3 , in order to avoid the frequent 
change of the source of power, it is desirable to prepare a fixed hysteresis in decision processing (steps S10, 
SI 2, S22, SI 6, and S28) of the proper use. For the same purpose, the execution cycle of drive control 
processing may be lengthened comparatively. As an example, whenever mileage or the transit time reaches a 
predetermined value, it may be made to perform. Furthermore, only when the control unit of a car is in the 
predetermined condition that the effect on the source change of power is low, it may be made to perform drive 
control processing. For example, it may be made to perform only when the shift lever of a change gear 100 is in 
predetermined conditions, such as a neutral position. 

[0068] According to the hybrid car of this example explained above, based on the operation effectiveness in 
each operational status, proper use with a fuel cell 54 and an engine 10 can be performed. Therefore, efficient 
operation is realizable. Since the effectiveness comparison of a fuel cell 54 and an engine 10 is performed only 
when both FC fuel and the gasoline remain enough the passage clear from the processing shown in drawing 3 , 
the load increase by these operation effectiveness count is avoidable. Waste of each fuel in drive control 
processing is also avoidable by setting up suitably the decision-criterion value of whether FC fuel and the 
gasoline remain enough. 

[0069] In the situation for which FC fuel was insufficient in this example, both are properly used by the 
operation effectiveness comparison of a dc-battery 50 and an engine 10. Therefore, operation efficient in the 
range possible also under the situation that a fuel cell 54 cannot be used is realizable. 

[0070] Moreover, in this example, when it is in the condition, i.e., a condition with the available both sides of a 
fuel cell 54 and a dc-battery 50, that FC fuel fully remains, a fuel cell 54 is used preferentially. Since it is 
common for the fuel cell 54 to have energy efficiency higher than a dc-battery 50, efficient operation is 
realizable by performing this proper use. 

[0071] D. The 2nd example : in the 1st example, the control which uses a driving source properly in 
consideration of operation effectiveness, i.e., energy efficiency, was illustrated. In the 2nd example, the control 
which judges synthetically two or more kinds of effectiveness also including energy efficiency, and uses a 
driving source properly is illustrated. As an example, control in consideration of three kinds, economic 
effectiveness, energy efficiency, and emission control effectiveness, is illustrated in the 2nd example. 
[0072] Drawing 5 is the outline block diagram of the 2nd example. The 2nd example is different from the 1 st 
example at the point whose input element to the effectiveness operation part 71 of a control unit 70 increases. 
About other configurations, it is the same as the 1st example. 

[0073] In the 2nd example, an operator can set up whether economic effectiveness is taken into consideration 
with a touch panel 90 at the time of drive control. The panel display 79 prepared in the control unit 70 manages 
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I/O of the data which used the touch panel 90. The interface for setting turning on and off and the unit fuel price 
of economic effectiveness to it according to an operation of the panel display 79, as illustrated on a touch panel 
90 is displayed. The condition of drawing is set as the condition that economic effectiveness is taken into 
consideration, in the control which a setup of economic effectiveness turns on namely, mentions later. An 
operator can switch an economic effectiveness setup off by actuation of a touch panel 90. The switch for an 
economic effectiveness setup does not necessarily need to use a touch panel, and may use the switch of the push 
button which can take two conditions of turning on and off, and others. 

[0074] A unit-fuel-price setup is a value used in case economic effectiveness is computed. By the hybrid car of 
this example, since a methanol is used as a gasoline and a fuel of a fuel cell 54 as a fiiel of an engine 1 0, each 
unit price can be inputted. These unit prices are good also as what an operator inputs, and good also as what 
gives a radio function to the panel display 79 and is acquired from external information-center IC through 
Network NET. 

[0075] Drawing 5 is the flow chart of drive control processing as the 2nd example. Here, the processing on 
condition of being in the condition that the both sides of a fuel cell 54 and an engine 10 can be operated was 
illustrated. It is good also as what judges whether both sides can be operated like the 1st example in advance of 
the processing shown in drawing 6 based on the residue of FC fuel and a gasoline. Moreover, in drawing 5 , 
although proper use of a fuel cell 54 and an engine 10 was illustrated, when use of a fuel cell 54 is impossible, it 
is good also as what performs proper use of a dc-battery and an engine 1 0. 

[0076] If drive control is started, CPU of a control unit 70 will judge whether the mode which gives priority to 
economic effectiveness is set up (step SI 10). This is judged based on a setup with the touch panel 90 shown in 
drawing 5 . When an economic effectiveness setup serves as ON, the economic effectiveness of a fuel cell 54 
and an engine 1 0 is compared, and both proper use is performed. That is, CPU computes economic 
effectiveness epsilonf of a fuel cell 54, and economic effectiveness epsilone of an engine 10 (step SI 12), and 
chooses the one where economic effectiveness is higher as a driving source (steps SI 14, SI 16, and SI 18). 
[0077] The calculation approach of economic effectiveness is explained. Energy-efficiency etae of an engine 10 
and energy-efficiency etaf of a fuel cell 64 are computed by the formula explained in the 1st example. Energy 
efficiency expresses the ratio of a theoretical value and an actual value about the energy acquired from the fiiel 
of unit volume. Since the theoretical value of the energy acquired from the fuel of unit volume is known, it can 
ask for specific fuel consumption by using this theoretical value and energy efficiency. Of course, the relation 
between operational status and specific fuel consumption may be beforehand held on a map etc. The cost for 
acquiring unit energy is computed by multiplying by the unit price of each fuel to the specific fuel consumption 
obtained by these approaches. Economic effectiveness is acquired by taking the inverse number of this cost. 
Therefore, it means that energy is acquired by low cost, so that economic effectiveness is high. 
[0078] On the other hand, in step S 1 1 0, when an economic effectiveness setup is judged to be off, as for CPU, 
proper use of a driving source is performed in consideration of emission control effectiveness and energy 
efficiency. If it judges that CPU is in the condition that the operational status of a car should give priority to 
emission control effectiveness (step SI 20), a fuel cell will be chosen as a driving source (step SI 26). The 
judgment approach of whether to give priority to emission control effectiveness is mentioned later. In step 
SI 20, supposing CPU does not need to give priority to emission control effectiveness, it will compute energy- 
efficiency etaf of a fuel cell 64, and engine energy-efficiency etae (step SI 22), and will choose the one where 
energy efficiency is higher as a driving source (steps SI 24, SI 26, and SI 18). The calculation approach of 
energy efficiency is the same as the 1 st example. 

[0079] The judgment approach of step SI 20 is explained. Emission control effectiveness means the inverse 
number of the amount of emission to the output of unit energy. Emission control effectiveness becomes high, so 
that energy can be outputted by low emission. Since a fuel cell 64 has extremely little emission, at this example, 
emission control effectiveness shall be judged by whether the emission of an engine 1 0 is in tolerance. That is, 
when the emission of an engine 10 is in tolerance, it is not necessary to give priority to emission control 
effectiveness, and in separating from tolerance, it shall give priority to emission control effectiveness. When 
satisfied with this example of any one of the 1st condition based on the rate and torque of a car, the 2nd 
condition based on the area the car is running, and the 3rd condition based on a time zone, it is judged as what 
should give priority to emission control effectiveness. 

[0080] The 1st condition is explained. It is known that there are comparatively many discharges of emission at 
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the low vehicle speed and the time of low torque, for example as for an engine 10. The field where the emission 
exceeding the amount of targets beforehand is discharged is set up by the relation between the vehicle speed and 
torque, and when the run state of a car belongs to this operating range, it is judged that the 1 st condition is 
satisfied. 

[0081] The 2nd condition is explained. The permissible dose of emission is changed by the movement area of a 
car. For example, in a metropolitan region, a residential street, and a hospital, the permissible dose of emission 
is low. The area which should control emission beforehand is set up and a car is judged that the 2nd condition is 
satisfied during transit in these areas. The movement area of a car can be acquired from a navigation system. 
[0082] The 3rd condition is explained. The permissible dose of emission is changed also by the time zone it 
runs. For example, the permissible dose of emission is low at early morning or midnight. These time zones are 
time zones which should control not only emission but the noise. Here, in consideration of both sides, it was 
made to represent with the permissible dose of emission, and treated. When current time of day belongs to time 
zones set up beforehand, such as early morning and midnight, it is judged that the 3rd condition is satisfied. 
[0083] According to control of the 2nd example explained above, operation adapted to the various situations 
about transit of a car is realizable by taking into consideration economic effectiveness, emission control 
effectiveness, and energy efficiency by predetermined priority. For example, an operator's economic burden is 
mitigable by taking economic effectiveness into consideration. By taking emission control effectiveness into 
consideration, operation which considered the environment according to the situation is realizable. 
[0084] E. Modification : in the example, the case where the operation effectiveness of a fuel cell 54, an engine 
10, and a dc-battery 50 was serially searched for with a map or a function was illustrated. On the other hand, it 
is good also as a thing using the map which specifies a driving source beforehand according to operational 
status. The map on which the flag which specifies a driving source as the parameter showing operational status, 
such as a load, temperature of a fuel cell 54, and engine water temperature, was matched can be used. By using 
this map, the operation load at the time of specification of a driving source is mitigable. 

[0085] In the example, the car also with a dc-battery 50 usable as a power source was illustrated. This invention 
is applicable also to the car which does not carry a dc-battery 50. In this case, in drawing 3 , while omitting 
processing of steps S26, S28, and S30, the control processing constituted so that an engine drive (step S20) and 
shutdown (step S24) might be changed according to the existence (step S22) of a gasoline is applicable. 
[0086] Specification of operation effectiveness etae of an engine 10 is good also as that for which it asks in 
consideration of prime-mover effectiveness etaeng besides in the case of taking into consideration all the 
element effectiveness illustrated in the example, or gasoline effectiveness etag. In addition to this, operation 
effectiveness etae can be specified in various modes. 

[0087] Operation effectiveness etaf of a fuel cell 54 can specify either of the predetermined parameter value 
which participates in whenever [ system temperature / of a fuel cell besides in the case of taking into 
consideration all the element effectiveness illustrated in the example /, amount of generations of electrical 
energy, elapsed time / from starting /, and fuel cell's degradation ] in the various modes taken into consideration 
at least. These parameters may be applied for every element effectiveness illustrated previously, and without 
dividing into element effectiveness, they may be applied so that operation effectiveness etaf may be specified. 
System temperature can also take the temperature into consideration, when it has the reforming machine besides 
the temperature of fuel cell 54 simple substance etc. 

[0088] In the example, the case where the use propriety judging of a fuel cell 54 was performed by the existence 
of FC fuel was illustrated (step S10 of drawing 3 ). Use propriety can also take the mode which judges use 
propriety in consideration of generation-of-electrical-energy rating of a fuel cell 54. In addition, the temperature 
of a fuel cell 54 etc. may be taken into consideration. Moreover, the use propriety of a fuel cell 54 may be 
judged in consideration of the output rating of the motor 20 which uses a fuel cell 54 as a power source. When 
the output rating of a motor 20 does not fulfill demand torque and a rotational frequency, it can judge with use 
of a fuel cell 54 being impossible in the semantics that the drive approach which uses a fuel cell 54 as a power 
source is inapplicable. 

[0089] In the 2nd example, not only three illustrated effectiveness but the effectiveness from various viewpoints 
can be included. Moreover, the priority in consideration of two or more effectiveness is not limited to the 
illustrated ranking, either. For example, it is good also as the ability of an operator to be set up in priority. 
[0090] Although the case where a fuel cell and an engine were made into a driving source was illustrated in the 
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above example, this invention is applicable to the various mobiles which use together two or more driving 
sources from which the property about operational status and effectiveness differs. Although the hybrid car 
which combined the engine 10 and the motor 20 in serial was illustrated in the example, the various 
configurations from which not only this but both become a source of power are employable. 
[0091] As mentioned above, although the various examples of this invention were explained, it cannot be 
overemphasized that configurations various in the range which this invention is not limited to these examples 
and does not deviate from the meaning can be taken. For example, software realizes and also the above control 
processing is good as what is realized in hardware. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 2] 




[Drawing 3] 
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[Drawing 4] 
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[Drawing 6] 
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